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 It is this planning step which is often left to chance. Most often a
priority basin is selected based on evidence or perception that it is
critical. An implementation project is then begun in that basin. The concept
of HAA suggests the need for an additional step before funds are set aside to
begin an implementation program. This step is needed to ascertain which areas
are delivering the bulk of the pollutant and the form in which it is being
transported. Many existing agricultural implementation efforts could be
classed as failures because the major sources were not identified or that the
land
user
did
not
desi
re t
o pa
rtic
ipat
e.
Ofte
n po
int
sour
ces
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ourc
es s
uch
as failing leach fields will mask a good implementation effort focused only on
agricultural lands.
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the pollutant in a cost-effective fashion. The Black Creek, Indiana, project
and
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the
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ogra
m in
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n
locations in the U.S. all support a need for a prior planning period before
implementation begins.
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om
th
e
la
nd
su
rf
ac
e
by
ra
in
dr
op
im
pa
ct
,
ru
nn
in
g
wa
te
r,
or
wi
nd
.
So
me
of
th
e
pa
rt
ic
le
s
fa
ll
ba
ck
to
th
e
su
rf
ac
e
cl
os
e
to
th
e
po
in
t
of
de
ta
ch
me
nt
.
Ot
he
rs
ar
e
ca
rr
ie
d
a g
re
at
di
st
an
ce
.
Th
es
e
de
ta
ch
ed
pa
rt
ic
le
s
ac
cu
mu
la
te
on
th
e
la
nd
sc
ap
e
or
in
wa
te
r
co
ur
se
s
wh
en
th
ei
r
we
ig
ht
ex
ce
ed
s
th
e
ca
pa
ci
ty
of
ru
no
ff
wa
te
rs
to
mo
ve
th
em
.
Th
is
ac
cu
mu
la
ti
on
is
ca
ll
ed
se
di
me
nt
.
Du
ri
ng
th
e
pr
oc
es
s
of
mo
ve
me
nt
or
tr
an
sp
or
t
ac
ro
ss
th
e
la
nd
sc
ap
e,
th
e
ca
rr
yi
ng
ca
pa
ci
ty
ch
an
ge
s
al
lo
wi
ng
th
e
co
ar
se
r
an
d
he
av
ie
r
so
il
pa
rt
ic
le
s
to
de
po
si
t
wh
il
e
th
e
fi
ne
r
an
d
li
gh
te
r
pa
rt
ic
le
s
re
ma
in
in
su
5p
en
si
on
.
Du
ri
ng
a
ru
no
ff
ev
en
t
wh
en
so
il
pa
rt
ic
le
s
ar
e
in
su
sp
en
si
on
,
a
so
rt
in
g
pr
oc
es
s
oc
cu
rs
.
Fi
ne
r
an
d
li
gh
te
r
pa
rt
ic
le
s
ty
pi
ca
ll
y
ar
e
th
os
e
th
at
ar
e
ev
en
tu
al
ly
ca
rr
ie
d
in
to
st
re
am
s
an
d
rivers.
  
Th
e
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
(U
SL
E)
is
an
eq
ua
ti
on
wh
ic
h
ev
al
ua
te
s
th
e
po
te
nt
ia
l
fo
r
so
il
pa
rt
ic
le
s
to
be
de
ta
ch
ed
fr
om
th
e
so
il
su
rf
ac
e
un
de
r
a
pr
ed
et
er
mi
ne
d
se
t
of
co
nd
it
io
ns
.
Th
e
us
e
of
th
e
wo
rd
"t
os
s"
in
th
e
na
me
su
gg
es
ts
th
at
th
e
US
LE
de
te
rm
in
es
so
il
lo
ss
or
se
di
me
nt
lo
ss
es
fr
om
a
fi
el
d.
Th
e
US
LE
is
co
rr
ec
tl
y
us
ed
to
in
di
ca
te
th
e
re
la
ti
ve
am
ou
nt
s
of
so
il
th
at
ar
e
de
ta
ch
ed
ov
er
a
pe
ri
od
of
ye
ar
s
un
de
r
a
gi
ve
n
se
t
of
ma
na
ge
me
nt
co
nd
it
io
ns
.
Th
e
US
LE
pr
ed
ic
ts
so
il
er
os
io
n.
Mo
re
co
rr
ec
tl
y
it
pr
ed
ic
ts
po
te
nt
ia
l
gr
os
s
so
il
er
os
io
n
si
nc
e
ma
ny
of
th
e
so
il
pa
rt
ic
le
s
th
at
ar
e
de
ta
ch
ed
ar
e
de
po
si
te
d
at
or
ve
ry
ne
ar
th
e
po
in
t
of
or
ig
in
a
de
ta
ch
me
nt
.
Th
e
US
LE
is
of
te
n
us
ed
as
an
in
di
ca
ti
on
of
th
e
po
ll
ut
io
n
po
te
nt
ia
l
fr
om
ag
ri
cu
lt
ur
al
ac
ti
vi
ti
es
.
Ph
os
ph
or
us
,
wh
i
c
h
is
th
e
p
o
l
l
ut
a
n
t
of
s
i
g
n
i
f
i
c
a
n
c
e
fr
an
th
e
Gr
ea
t
La
ke
s
st
an
dp
oi
nt
,
is
de
li
ve
re
d
in
th
e
so
lu
bl
e
fo
rm
or
ad
so
rb
ed
on
se
di
me
nt
.
So
lu
bl
e
ph
os
ph
or
us
ca
nn
ot
be
es
ti
ma
te
d
by
th
e
us
e
of
th
e
US
LE
.
Ph
os
ph
or
us
wh
ic
h
is
ad
so
rb
ed
to
se
di
me
nt
is
th
e
on
ly
fo
rm
th
at
ca
n
be
li
nk
ed
to
po
te
nt
ia
l
g
r
o
s
s
er
os
io
n
as
e
s
t
i
m
a
t
e
d
by
th
e
US
LE
.
It
do
es
n
o
t
qu
an
ti
fy
th
e
a
m
o
un
t
of
th
e
er
os
io
n
wh
i
c
h
a
c
t
ua
l
l
y
is
t
r
a
n
s
p
o
r
t
e
d
to
a
wa
t
e
r
co
ur
se
,
n
o
r
do
es
it
m
e
a
s
ur
e
er
os
io
n
f
r
o
m
g
ul
l
i
e
s
or
st
re
am
ba
nk
s
wh
i
c
h
al
so
ar
e
so
ur
ce
s
of
phosphorus.
PHOSPHORUS
T
h
e
p
h
o
s
p
h
o
r
us
c
o
n
t
e
n
t
in
m
o
s
t
so
il
s
is
lo
w,
be
tw
ee
n
0.
01
an
d
0.
2
p
e
r
c
e
n
t
by
w
e
i
g
h
t
.
M
o
s
t
of
t
h
i
s
is
u
n
a
v
a
i
l
a
b
l
e
f
o
r
p
l
a
n
t
up
t
a
k
e
.
M
a
n
u
r
e
a
n
d
.
f
e
r
t
i
l
i
z
e
r
s
a
r
e
u
s
e
d
to
i
n
c
r
e
a
s
e
t
h
e
le
ve
l
of
a
v
a
i
l
a
b
l
e
p
h
0
5
p
h
o
r
u
s
in
t
h
e
so
i
t
o
p
r
o
m
o
t
e
p
l
a
n
t
g
r
o
w
t
h
.
I
f
r
u
n
o
f
f
a
n
d
e
r
o
s
i
o
n
o
c
c
u
r
,
s
o
m
e
o
f
t
h
e
a
p
p
l
i
e
d
p
h
0
5
p
h
o
r
u
s
c
a
n
r
e
a
c
h
n
e
a
r
b
y
b
o
d
i
e
s
of
wa
t
e
r
.
H
i
g
h
-
i
n
t
e
n
s
i
t
y
s
t
o
r
m
s
i
n
c
r
e
a
s
e
t
h
e
l
o
s
s
o
f
p
a
r
t
i
c
u
l
a
t
e
i
n
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
f
r
o
m
c
r
o
p
l
a
n
d
s
b
e
c
a
u
s
e
t
h
i
s
f
o
n
n
o
f
p
h
O
S
p
h
o
r
u
s
is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
e
r
o
d
i
n
g
s
e
d
i
m
e
n
t
s
.
P
h
O
S
p
h
o
r
us
ca
n
be
fo
un
d
in
th
e
so
il
in
di
ss
ol
ve
d,
co
ll
oi
da
l,
or
p
a
r
t
i
c
u
l
a
t
e
f
o
r
m
s
.
It
o
c
c
u
r
s
as
i
n
o
r
g
a
n
i
c
o
r
t
h
o
p
h
O
S
p
h
a
t
e
o
r
p
o
l
y
p
h
O
S
p
h
a
t
e
o
r
a
s
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
.
In
m
a
n
y
l
a
k
e
s
,
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
c
o
m
p
r
i
s
e
s
a
s
m
u
c
h
a
s
95
pe
rc
en
t
of
th
e
to
ta
l
ph
OS
ph
or
us
an
d
wi
ll
la
rg
el
y
be
in
aq
ua
ti
c
pl
an
ts
.
H
o
w
e
v
e
r
,
d
i
s
s
o
l
v
e
d
i
n
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
(
o
r
t
h
o
p
h
o
s
p
h
a
t
e
p
h
O
S
p
h
o
r
u
s
)
is
p
r
o
b
a
b
l
y
th
e
on
ly
f
o
r
m
d
i
r
e
c
t
l
y
a
va
i
l
a
b
l
e
to
al
ga
e.
A
l
g
a
e
c
o
n
s
um
e
d
i
s
s
o
l
ve
d
i
n
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
a
n
d
c
o
n
v
e
r
t
i
t
t
o
t
h
e
o
r
g
a
n
i
c
f
o
r
m
.
P
h
O
S
p
h
o
r
u
s
i
s
r
a
r
e
l
y
f
o
u
n
d
in
c
o
n
c
e
n
t
r
a
t
i
o
n
s
h
i
g
h
e
n
o
u
g
h
to
be
t
o
x
i
c
to
h
i
g
h
e
r
o
r
g
a
n
i
s
m
s
.
P
h
o
s
p
h
o
r
u
s
u
n
a
v
a
i
l
a
b
l
e
in
t
h
e
so
il
s
y
s
t
e
m
m
a
y
e
r
o
d
e
w
i
t
h
so
il
p
a
r
t
i
c
l
e
s
a
n
d
l
a
t
e
r
b
e
r
e
l
e
a
s
e
d
w
h
e
n
t
h
e
b
o
t
t
o
m
s
e
d
i
m
e
n
t
o
f
a
s
t
r
e
a
m
o
r
l
a
k
e
b
e
c
o
m
e
s
a
n
a
e
r
o
b
i
c
,
c
r
e
a
t
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
p
r
o
b
l
e
m
s
.
M
o
s
t
r
e
s
e
a
r
c
h
e
r
s
b
e
l
i
e
v
e
,
ho
we
ve
r,
th
at
th
e
c
o
n
ve
r
s
i
o
n
of
p
a
r
t
i
c
ul
a
t
e
p
h
o
s
p
h
o
r
us
to
so
lu
bl
e
p
h
0
5
p
h
o
r
us
d
o
e
s
n
o
t
e
x
c
e
e
d
2
0
-
3
0
p
e
r
c
e
n
t
.
R
e
s
u
s
p
e
n
d
e
d
b
o
t
t
o
m
s
e
d
i
m
e
n
t
in
s
h
a
l
l
o
w
l
a
k
e
s
c
o
n
t
i
n
u
a
l
l
y
p
r
o
v
i
d
e
s
a
n
e
w
s
u
p
p
l
y
o
f
a
v
a
i
l
a
b
l
e
p
h
o
S
p
h
o
r
u
s
t
o
a
l
g
a
e
.
I
n
o
r
g
a
n
i
c
p
h
o
s
p
h
o
r
u
s
c
a
n
b
e
e
i
t
h
e
r
d
i
S
S
O
T
V
e
d
i
n
s
u
r
f
a
c
e
o
r
s
u
b
s
u
r
f
a
c
e
w
a
t
e
r
s
o
r
a
s
s
o
c
i
a
t
e
d
w
i
t
h
s
e
d
i
m
e
n
t
s
.
A
l
t
h
o
u
g
h
m
u
c
h
o
f
t
h
e
s
e
d
i
m
e
n
t
-
h
e
l
d
p
o
r
t
i
o
n
a
c
t
s
a
s
i
f
i
t
w
e
r
e
p
e
r
m
a
n
e
n
t
l
y
f
i
x
e
d
o
n
t
h
e
s
o
i
l
,
s
o
m
e
o
f
i
t
s
e
r
v
e
s
a
s
a
s
o
u
r
c
e
o
f
t
h
e
d
i
s
s
o
l
v
e
d
(
a
v
a
i
l
a
b
l
e
)
f
o
r
m
.
T
h
e
p
o
r
t
i
o
n
o
f
t
h
e
p
h
O
S
p
h
o
r
u
s
h
e
l
d
b
y
t
h
e
s
o
i
l
t
h
a
t
i
s
s
u
b
j
e
c
t
t
o
c
h
a
n
g
e
i
s
r
e
f
e
r
r
e
d
t
o
a
s
t
h
e
l
a
b
i
l
e
f
r
a
c
t
i
o
n
.
T
h
i
s
p
o
r
t
i
o
n
is
n
o
r
m
a
l
l
y
s
e
v
e
r
a
l
h
u
n
d
r
e
d
t
i
m
e
s
l
a
r
g
e
r
t
h
a
n
t
h
e
 
 d
i
s
s
o
l
v
e
d
p
o
r
t
i
o
n
.
T
h
e
e
q
u
i
l
i
b
r
i
u
m
b
e
t
w
e
e
n
l
a
b
i
l
e
a
n
d
d
i
s
s
o
l
v
e
d
i
n
o
r
g
a
n
i
c
p
h
o
S
p
h
o
r
u
s
d
e
p
e
n
d
s
,
in
p
a
r
t
,
on
t
h
e
c
h
e
m
i
c
a
l
a
n
d
b
i
o
l
o
g
i
c
a
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
w
a
t
e
r
r
e
g
i
m
e
i
n
t
h
e
s
o
i
l
o
r
w
a
t
e
r
b
o
d
y
.
T
h
e
a
m
o
un
t
of
d
i
s
s
o
l
ve
d
p
h
o
s
p
h
o
r
us
c
h
a
n
g
e
s
du
ri
ng
t
r
a
n
s
p
o
r
t
fr
om
c
r
o
p
l
a
n
d
t
o
s
t
r
e
a
m
a
n
d
l
a
k
e
s
.
E
s
t
i
m
a
t
i
n
g
t
h
e
p
o
t
e
n
t
i
a
l
i
m
p
a
c
t
o
f
p
h
o
s
p
h
o
r
u
s
o
n
w
a
t
e
r
q
u
a
l
i
t
y
i
s
d
i
f
f
i
c
u
l
t
b
e
c
a
u
s
e
t
h
e
r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n
v
a
r
i
o
u
s
f
o
r
m
s
o
f
p
h
o
S
p
h
o
r
u
s
i
n
t
h
e
s
o
i
l
a
n
d
s
e
d
i
m
e
n
t
s
,
w
a
t
e
r
,
a
n
d
b
i
o
t
a
a
r
e
p
o
o
r
l
y
u
n
d
e
r
s
t
o
o
d
.
D
e
S
p
i
t
e
t
h
e
l
a
c
k
o
f
u
n
d
e
r
s
t
a
n
d
i
n
g
,
s
o
i
l
a
n
d
w
a
t
e
r
c
o
n
s
e
r
v
a
t
i
o
n
p
r
a
c
t
i
c
e
s
a
r
e
k
n
o
z
n
w
h
i
c
h
w
i
l
l
s
i
g
n
i
f
i
c
a
n
t
l
y
r
e
d
u
c
e
p
h
o
s
p
h
o
r
u
s
l
o
s
s
e
s
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
an s.
SEDIMENT
S
e
d
i
m
e
n
t
i
s
t
h
e
r
e
s
u
l
t
o
f
e
r
o
s
i
o
n
.
I
t
i
s
t
h
e
s
o
l
i
d
m
a
t
e
r
i
a
l
,
b
o
t
h
m
i
n
e
r
a
l
a
n
d
o
r
g
a
n
i
c
,
t
h
a
t
i
s
i
n
s
u
S
p
e
n
s
i
o
n
,
i
s
b
e
i
n
g
t
r
a
n
S
p
o
r
t
e
d
,
o
r
h
a
s
b
e
e
n
m
o
v
e
d
f
r
o
m
i
t
s
s
i
t
e
o
r
o
r
i
g
i
n
b
y
a
i
r
,
w
a
t
e
r
,
g
r
a
v
i
t
y
,
o
r
i
c
e
.
T
h
e
t
y
p
e
s
o
f
e
r
o
s
i
o
n
t
h
a
t
p
r
o
d
u
c
e
s
e
d
i
m
e
n
t
a
r
e
(
1
)
s
h
e
e
t
a
n
d
r
i
l
l
e
r
o
s
i
o
n
,
(
2
)
g
u
l
l
y
e
r
o
s
i
o
n
,
(
3
)
s
t
r
e
a
m
c
h
a
n
n
e
l
e
r
o
s
i
o
n
,
(
4
)
r
o
a
d
a
n
d
r
o
a
d
s
i
d
e
e
r
o
s
i
o
n
,
a
n
d
(
5
)
o
t
h
e
r
t
y
p
e
s
o
f
e
r
o
s
i
o
n
,
s
u
c
h
a
s
t
h
a
t
a
s
s
o
c
i
a
t
e
d
w
i
t
h
u
r
b
a
n
d
e
v
e
l
o
p
m
e
n
t
,
c
o
n
s
t
r
u
c
t
i
o
n
s
i
t
e
s
,
e
t
c
.
O
n
l
y
p
o
t
e
n
t
i
a
l
s
h
e
e
t
a
n
d
r
i
l
l
e
r
o
s
i
o
n
i
s
e
s
t
i
m
a
t
e
d
b
y
t
h
e
U
S
L
E
.
S
e
d
i
m
e
n
t
s
f
r
o
m
t
h
e
d
i
f
f
e
r
e
n
t
s
o
u
r
c
e
s
v
a
r
y
i
n
t
h
e
k
i
n
d
s
a
n
d
a
m
o
u
n
t
s
o
f
.
p
o
l
l
u
t
a
n
t
s
t
h
a
t
a
r
e
a
d
s
o
r
b
e
d
t
o
t
h
e
p
a
r
t
i
c
l
e
s
.
S
h
e
e
t
a
n
d
r
i
l
l
e
r
o
s
i
o
n
m
a
i
n
l
y
,
m
o
v
e
s
o
i
l
p
a
r
t
i
c
l
e
s
f
r
o
m
t
h
e
s
u
r
f
a
c
e
o
r
p
l
o
w
l
a
y
e
r
o
f
t
h
e
s
o
i
l
.
E
r
o
d
e
d
s
o
i
l
i
s
e
i
t
h
e
r
r
e
d
e
p
o
s
i
t
e
d
o
n
t
h
e
s
a
m
e
f
i
e
l
d
o
r
t
r
a
n
S
p
o
r
t
e
d
f
r
o
m
t
h
e
f
i
e
l
d
i
n
runo .
S
e
d
i
m
e
n
t
w
h
i
c
h
o
r
i
g
i
n
a
t
e
s
f
r
a
n
s
u
r
f
a
c
e
s
o
i
l
s
w
i
l
l
h
a
v
e
a
h
i
g
h
e
r
p
o
l
l
u
t
i
o
n
p
o
t
e
n
t
i
a
l
t
h
a
n
t
h
a
t
f
r
o
m
s
u
b
s
u
r
f
a
c
e
s
o
i
l
s
.
T
h
e
t
o
p
s
o
i
l
o
f
a
f
i
e
l
d
i
s
u
s
u
a
l
l
y
r
i
c
h
e
r
i
n
n
u
t
r
i
e
n
t
s
a
n
d
o
t
h
e
r
c
h
e
m
i
c
a
l
s
b
e
c
a
u
s
e
o
f
p
a
s
t
f
e
r
t
i
l
i
z
e
r
a
n
d
.
p
e
s
t
i
c
i
d
e
a
p
p
l
i
c
a
t
i
o
n
s
,
a
s
w
e
l
l
a
s
n
u
t
r
i
e
n
t
c
y
c
l
i
n
g
a
n
d
b
i
o
l
o
g
i
c
a
l
a
c
t
i
v
i
t
y
.
T
o
p
s
o
i
l
i
s
a
l
s
o
m
o
r
e
l
i
k
e
l
y
t
o
h
a
v
e
a
g
r
e
a
t
e
r
p
e
r
c
e
n
t
a
g
e
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
.
S
e
d
i
m
e
n
t
f
r
o
m
g
u
l
l
i
e
s
a
n
d
s
t
r
e
a
m
b
a
n
k
s
u
s
u
a
l
l
y
c
a
r
r
i
e
s
l
e
s
s
a
d
s
o
r
b
e
d
p
o
l
l
u
t
a
n
t
s
t
h
a
n
s
e
d
i
m
e
n
t
f
r
o
n
s
u
r
f
a
c
e
s
o
i
l
s
.
S
e
d
i
m
e
n
t
f
r
o
m
c
r
o
p
l
a
n
d
u
s
u
a
l
l
y
c
o
n
t
a
i
n
s
a
h
i
g
h
e
r
p
e
r
c
e
n
t
a
g
e
o
f
f
i
n
e
r
a
n
d
l
e
s
s
d
e
n
s
e
p
a
r
t
i
c
l
e
s
t
h
a
n
t
h
e
s
o
i
l
f
r
o
m
w
h
i
c
h
i
t
o
r
i
g
i
n
a
t
e
s
.
L
a
r
g
e
p
a
r
t
i
c
l
e
s
s
u
c
h
a
s
s
a
n
d
g
r
a
i
n
s
a
r
e
m
o
r
e
r
e
a
d
i
l
y
d
e
t
a
c
h
e
d
f
r
o
m
t
h
e
s
o
i
l
s
u
r
f
a
c
e
b
e
c
a
u
s
e
t
h
e
y
a
r
e
l
e
s
s
c
o
h
e
s
i
v
e
.
T
h
e
y
w
i
l
l
a
l
s
o
s
e
t
t
l
e
o
u
t
o
f
s
u
5
p
e
n
s
i
o
n
m
o
r
e
q
u
i
c
k
l
y
b
e
c
a
u
s
e
o
f
t
h
e
i
r
s
i
z
e
.
O
r
g
a
n
i
c
m
a
t
t
e
r
i
s
n
o
t
e
a
s
i
l
y
d
e
t
a
c
h
e
d
b
e
c
a
u
s
e
o
f
i
t
s
l
o
w
d
e
n
s
i
t
y
.
C
l
a
y
p
a
r
t
i
c
l
e
s
a
n
d
o
r
g
a
n
i
c
r
e
s
i
d
u
e
s
w
i
l
l
r
e
m
a
i
n
s
u
S
p
e
n
d
e
d
f
o
r
l
o
n
g
e
r
p
e
r
i
o
d
s
a
n
d
a
t
s
l
o
w
e
r
f
l
o
w
v
e
l
o
c
i
t
i
e
s
.
T
h
i
s
s
e
l
e
c
t
i
v
e
e
r
o
s
i
o
n
p
r
o
c
e
s
s
c
a
n
i
n
c
r
e
a
s
e
o
v
e
r
a
l
l
p
o
l
l
u
t
a
n
t
d
e
l
i
v
e
r
y
,
b
e
c
a
u
s
e
s
m
a
l
l
p
a
r
t
i
c
l
e
s
h
a
v
e
a
m
u
c
h
g
r
e
a
t
e
r
a
d
s
o
r
p
t
i
o
n
c
a
p
a
c
i
t
y
p
e
r
m
a
s
s
t
h
a
n
l
a
r
g
e
r
p
a
r
t
i
c
l
e
s
.
A
s
a
r
e
s
u
l
t
,
e
r
o
d
i
n
g
s
e
d
i
m
e
n
t
s
g
e
n
e
r
a
l
l
y
c
o
n
t
a
i
n
h
i
g
h
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
,
n
i
t
r
o
g
e
n
,
a
n
d
p
e
s
t
i
c
i
d
e
s
t
h
a
n
t
h
e
o
r
i
g
i
n
a
l
s
o
i
l
.
T
h
e
c
o
n
c
e
p
t
o
f
a
n
e
n
r
i
c
h
m
e
n
t
r
a
t
i
o
i
s
u
s
e
d
t
o
c
h
a
r
a
c
t
e
r
i
z
e
t
h
e
q
u
a
n
t
i
t
y
o
f
a
s
u
b
s
t
a
n
c
e
i
n
s
e
d
i
m
e
n
t
r
e
l
a
t
i
v
e
t
o
t
h
a
t
i
n
t
h
e
o
r
i
g
i
n
a
l
s
o
i
l
.
T
h
e
e
n
r
i
c
h
m
e
n
t
r
a
t
i
o
c
a
n
b
e
d
e
f
i
n
e
d
a
s
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
a
s
u
b
s
t
a
n
c
e
i
n
t
h
e
s
e
d
i
m
e
n
t
c
o
m
p
a
r
e
d
t
o
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
t
h
e
s
u
b
s
t
a
n
c
e
i
n
s
i
t
u
i
n
t
h
e
s
o
i
l
.
E
n
r
i
c
h
m
e
n
t
r
a
t
i
o
s
a
r
e
t
y
p
i
c
a
l
l
y
g
r
e
a
t
e
r
t
h
a
n
u
n
i
t
y
.
F
a
c
t
o
r
s
a
f
f
e
c
t
i
n
g
t
h
e
e
n
r
i
c
h
m
e
n
t
r
a
t
i
o
i
n
c
l
u
d
e
s
o
i
l
,
k
i
n
d
o
f
e
r
o
s
i
o
n
,
a
n
d
c
h
a
r
a
c
t
e
r
o
f
t
h
e
r
u
n
o
f
f
.
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Sed
ime
nt
aff
ect
s t
he
use
of
wat
er
in
man
y w
ays
.
Sus
pen
ded
sol
ids
red
uce
the
amo
unt
of
sun
lig
ht
ava
ila
ble
to
aqu
ati
c p
lan
ts,
cov
er
fis
h s
paw
nin
g a
rea
s
and
foo
d s
upp
lie
s,
and
clo
g t
he
gil
ls
of
fis
h.
Thi
s r
edu
ces
fis
h,
she
llf
ish
,
and
pla
nt
pop
ula
tio
ns
and
dec
rea
ses
the
ove
ral
l
pro
duc
tiv
ity
of
lak
es
or
str
eam
s.
Tur
bid
ity
int
erf
ere
s w
ith
fee
din
g
hab
its
of
fis
h.
Rec
rea
tio
n
pot
ent
ial
is
lim
ite
d b
eca
use
of
the
dec
rea
sed
fis
h p
opu
lat
ion
and
the
wat
er'
s
un
ap
pe
al
in
g,
tu
rb
id
ap
pe
ar
an
ce
.
Tu
rb
id
wa
te
r
re
du
ce
s
vi
si
bi
li
ty
,
th
us
it
is
less safe for swimming.
Sed
ime
nt
fil
ls
far
m
dra
ina
ge
dit
che
s,
roa
d
dit
che
s,
cul
ver
ts,
and
str
eam
ch
an
ne
ls
an
d
sh
or
te
ns
th
e
ec
on
om
ic
li
fe
of
re
se
rv
oi
rs
an
d
fa
rm
po
nd
s.
It
ca
n
pl
ug
wa
te
r
fi
lt
er
s,
er
od
e
po
we
r
tu
rb
in
es
an
d
Sp
ri
nk
le
r
no
zz
le
s,
an
d
da
ma
ge
pu
mp
in
g
eq
ui
pm
en
t.
Ma
in
te
na
nc
e
co
st
s
ar
e
in
cr
ea
se
d
an
d
ad
di
ti
on
al
tr
ea
tm
en
t
ma
y
be
ne
ce
ss
ar
y
be
fo
re
th
e
wa
te
r
ca
n
be
us
ed
fo
r
dr
in
ki
ng
or
in
du
st
ri
al
purposes.
Se
di
me
nt
do
es
no
t
al
wa
ys
ha
ve
a
de
tr
im
en
ta
l
ef
fe
ct
,
ho
we
ve
r.
It
s
pr
es
en
ce
ca
n
co
nt
ri
bu
te
to
st
re
am
ba
nk
an
d
ch
an
ne
l
st
ab
il
it
y.
It
ca
n
be
be
ne
fi
ci
al
as
it
ma
y
re
du
ce
di
ss
ol
ve
d
in
or
ga
ni
c
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
in
su
rf
ac
e
wa
te
rs
.
Th
e
cl
ay
-o
rg
an
ic
co
mp
le
xe
s
in
se
di
me
nt
ac
t
as
sc
av
en
ge
rs
as
a
re
su
lt
of
th
ei
r
ab
il
it
y
to
ad
so
rb
so
me
ch
em
ic
al
s
in
ru
no
ff
wa
te
rs
.
Ch
em
ic
al
s
su
ch
as
so
me
pe
st
ic
id
es
,
ph
os
ph
or
us
,
an
d
am
mo
ni
um
ar
e
tr
an
Sp
or
te
d
wi
th
se
di
me
nt
in
an
ad
so
rb
ed
st
at
e.
Th
e
to
xi
ci
ty
of
a
pe
st
ic
id
e’
do
es
no
t
ne
ce
ss
ar
il
y
de
cr
ea
se
be
ca
us
e
of
it
s
ad
so
rp
ti
on
to
se
di
me
nt
,
bu
t
it
s
as
so
ci
at
io
n
wi
th
th
e
se
di
me
nt
wi
ll
no
rm
al
ly
ca
us
e
mu
ch
of
it
to
se
tt
le
ou
t
in
_
th
e
re
ce
iv
in
g
wa
te
r.
Ho
we
ve
r,
th
e
to
xi
ci
ty
of
so
me
in
se
ct
ic
id
es
,
su
ch
as
to
xa
ph
en
e,
de
cr
ea
se
s
fa
st
er
un
de
r
an
ae
ro
bi
c
co
nd
it
io
ns
,
an
d
ad
so
rb
ed
in
se
ct
ic
id
es
ha
ve
a
gr
ea
te
r
Op
po
rt
un
it
y
fo
r
ex
po
su
re
to
an
ae
ro
bi
c
co
nd
it
io
ns
.
Ch
an
es
in
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t,
su
ch
as
a
lo
we
r
co
nc
en
tr
at
io
n
in
th
e
ov
er
?y
in
g
wa
te
rs
or
th
e
de
ve
lo
pm
en
t
of
an
ae
ro
bi
c
co
nd
it
io
ns
in
th
e
bo
tt
om
se
di
me
nt
s,
ca
n
ca
us
e
th
es
ec
he
mi
ca
ls
to
be
re
le
as
ed
fr
om
th
e
se
di
me
nt
.
Ad
so
rb
ed
ph
05
ph
or
us
tr
an
sp
or
te
d
by
th
e
se
di
me
nt
ma
y
no
t
be
im
me
di
at
el
y
av
ai
la
bl
e
fo
r
aq
ua
ti
c
pl
an
t
gr
ow
th
bu
t
do
es
se
rv
e
as
a
lo
ng
-t
er
m
co
nt
ri
bu
to
r
to eutrophication.
ANIMAL WASTES
An
im
al
wa
st
es
an
d
ma
nu
re
ar
e
te
rm
s
th
at
ar
e
of
te
n
us
ed
in
te
rc
ha
ng
ea
bl
y.
Th
ey
in
cl
ud
e
th
e
fe
ca
l
an
d
ur
in
ar
y
de
fe
ca
ti
on
of
li
ve
st
oc
k
an
d
po
ul
tr
y,
pr
oc
es
s
wa
te
r
(s
uc
h
as
fr
om
a
mi
lk
in
g
pa
rl
or
),
an
d
th
e
fe
ed
,
be
dd
in
g,
li
tt
er
,
an
d
so
il
wi
th
wh
ic
h
th
ey
be
co
me
in
te
rm
ix
ed
.
An
im
al
wa
st
es
ca
n
co
nt
ri
bu
te
nu
tr
ie
nt
s,
or
ga
ni
c
ma
te
ri
al
s,
an
d
pa
th
og
en
s
to
re
ce
iv
in
g
wa
te
rs
.
Ma
nu
re
wi
ll
be
mo
re
ea
si
ly
re
mo
ve
d
in
ru
no
ff
wh
en
ap
pl
ie
d
to
th
e
so
il
su
rf
ac
e
th
an
wh
en
in
co
rp
or
at
ed
in
th
e
so
il
.
Sp
re
ad
in
g
ma
nu
re
on
fr
oz
en
gr
ou
nd
or
sn
ow
ca
n
re
su
lt
in
hi
gh
co
nc
en
tr
at
io
ns
of
nu
tr
ie
nt
s
be
in
g
tr
an
sp
or
te
d
fr
om
th
e
fi
el
d
du
ri
ng
ra
in
fa
ll
0r
sn
ow
me
lt
.
Th
e
pr
ob
le
ms
as
so
ci
at
ed
wi
th
ni
tr
og
en
an
d
ph
os
ph
or
us
al
so
ap
pl
y
to
an
im
al
wa
st
es
.
If
su
ff
ic
ie
nt
ma
nu
re
is
ap
pl
ie
d
to
me
et
th
e
ni
tr
og
en
ne
ed
s
of
a
cr
op
,
ph
oS
ph
or
us
wi
ll
ge
ne
ra
ll
y
be
in
ex
ce
ss
.
Th
e
so
il
ge
ne
ra
ll
y
ha
s
th
e
ca
pa
ci
ty
to
ad
so
rb
an
y
ph
os
ph
or
us
le
ac
he
d
fr
om
ma
nu
re
ap
pl
ie
d
on
la
nd
.
Ho
we
ve
r
ni
tr
at
es
ar
e
as
il
y
le
ac
he
d
th
ro
ug
h
so
il
in
to
su
bs
ur
fa
ce
dr
ai
ns
an
d
in
to
th
e
gr
ou
nd
wa
te
r.
_ 5 _
 
 The
dem
and
for
oxy
gen
exe
rte
d b
y c
arb
ona
ceo
us
mat
eri
als
(in
div
idu
all
y o
r
in combination with nitrogen) can deplete dissolved oxygen supplies in water,
resu
ltin
g in
anox
ic o
r an
aero
bic
cond
itio
ns.
When
the
deco
mpos
itio
n pr
oces
s
becomes anaerobic, methane, amines, and sulfide are produced. The water
acquires an unpleasant odor, taste, and appearance and becomes unfit for
drinking, and for fishing and other recreational purposes.
Ani
mal
dis
eas
es
can
be
tra
nsm
itt
ed
to
hum
ans
thr
oug
h c
ont
act
wit
h a
nim
al
fec
es,
but
man
ure
tha
t h
as
bee
n i
nco
rpo
rat
ed
is
rar
ely
a
ubl
ic
hea
lth
pro
ble
m.
The
bac
ter
ia
pre
sen
t i
n m
anu
re,
inc
lud
ing
pos
sig
le
pat
hog
ens
, a
re
fil
ter
ed
by
the
soil
and
rar
ely
inf
ilt
rat
e m
ore
tha
n a
few
cen
tim
ete
rs
int
o
the
soi
l
pro
fil
e.
Gro
und
wat
er
con
tam
ina
tio
n
is
usu
all
y
not
a p
rob
lem
if
man
ure
is
inc
orp
ora
ted
.
Run
off
fru
n
fie
lds
rec
eiv
ing
man
ure
wil
l
con
tai
n
ext
rem
ely
hig
h
num
ber
s
of
bac
ter
ia
if
the
man
ure
has
not
bee
n
inc
orp
ora
ted
or
the bacteria have not been subject to stress.
Con
dit
ion
s
whi
ch
cau
se
a r
api
d d
ieo
ff
of
bac
ter
ia
are
low
soi
l
moi
stu
re,
low
pH,
hig
h
tem
per
atu
res
,
and
dir
ect
sol
ar
rad
iat
ion
.
Man
ure
sto
rag
e
ge
ne
ra
ll
y
pr
om
ot
es
di
eo
ff
,
al
th
ou
gh
pa
th
og
en
s
ca
n
re
ma
in
do
rm
an
t
at
ce
rt
ai
n
tem
per
atu
res
.
Com
pos
tin
g
the
was
tes
is
qui
te
eff
ect
ive
in
dec
rea
sin
g
the
number of pathogens.
*
Te
xt
ad
ap
te
d
fr
om
Wa
te
r
Qu
al
it
y
Fi
el
d
Gu
id
e,
US
DA
,
So
il
Co
ns
er
va
ti
on
Se
rv
ic
e,
19
83
(P
ub
li
ca
ti
on
Pe
nd
in
g)
.
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